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Abstract 
The mercury ore deposit of Azzaba is located on the northern flank of the Limestone Chain, south of Azzaba town, 
North East Algeria. Mercury among other metals is regarded as an environmental problem of this area, following its potential 
impact on the environment and also on the health of the people. The area of Azzaba is geologically characterized by the various 
mineral-bearing indices which level and which are classified in poly metal (Pb, Zn, Cu) and mercuro polymetallic (Hg, Pb, Zn, 
Cu). 15 groundwater samples were analyzed to understand the chemical composition by selected traces elements. The results 
showed that Hg, Pb and As was identified like contaminants in almost all the groundwater samples. The bicarbonated calcic 
facies is explained by the presence of cavernous limestone and the calcareous sandstone of the Paleocene Eocene. The chlorided 
sodic and sulphated calcic facies are found in sandy and clayey reservoirs of Oligocene.  The mercury and lead norms are largely 
exceeded in groundwater the standards tolerated by WHO.  Geochemical modeling carried out to study the possibility of metal 
precipitation and the formation of the secondary ores, shows a super saturation with regard to calcite, dolomite and aragonite and 
under saturation with respect to halite, the gypsum and anhydrite. The minerals of Hg, As, Pb are under saturated in groundwater 
of the region of study. 
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1. Introduction 
 The area of study is located in the North of Algeria on the Northern side of the numidian chain, 30 km 
away from Skikda and 3 to 10 km from Azzaba (Fig. 1).  
The geology of the area is characterized by the presence of two structural groups, one autochthonous and the other 
allochtonous. [1], [2] 
The autochtonous one is composed of deposits of the Kabyle dorsal including formations whose age varies from 
Trias to upper Eocene. The dislocated deposits of Paleocene are made of sandstones, limestones, micro breccia and 
breaches are found. The Thanetien-hypresien is made of quartzetic sandstone and limestone and Hyprésien-lutétien 
is made of   conglomerates, limestone micro breccia and sandy limestones. The allochtonous group is formed by a 
series of rock scales of various age and composition, ranging from metamorphic schist of Paleozoic to clays of 
Oligocene [3], [4].  
The study area is a part of Northern Numidian mercurial and pollymetalic As-Hg-Sb-Pb-Zn belt located in 
Azzaba district North-East of Algeria (Fig.1). Distribution of these deposits is closely related to the orientations of 
the great regional structures. Mineralization occurs of the district are well located and are gathered in two mining 
fields. The first field, Ismaïl, is formed by three distinct ore deposits, Ras El Ma, Ismaïl and Guenicha, the horizon 
carrying the mercurial mineralization are the conglomerates and the limestone micro breccia of Hyprésien-luthétien. 
The second, Mra-Sma, is formed by Mra Sma I, Mra Sma II and koudiat Sma, the carrying horizon of the 
mineralization being the limestone pseudo breccia of the Campanien and the sandstones of the Neocomien [4], [5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Location map of the North numidian mercurial zone  
 
 The hydrogeology of the area is characterized by two water tables. The Oligocene phreatic  water (g2) 
where the aquiferous rocks are the fissured sandstones alternating with beds of clay and the Paleocene Eocene deep 
confined aquifer (e 1-3 ), largely developed in the area, and where groundwater is  associated to the sandstone, 
limestone, the conglomerate breccias, fissured cavernous limestones and the calcareous sandstones of the Paleocene.  
The two aquifers are separated by impermeable layer of Palaeozoic and Lutetian-Priabonian. The latter are 
the host rocks of cinnabar mineralization. [2] 
 
2. Geochemical characteristics of the Northeast of Algeria  
 
Bikmeev studied the geochemical characteristics of the Northern numidian mercurial zone, using samples 
taken mainly from drill cores and dosed by semi quantitative emission spectrometry. The results show that litho-
stratigraphic facies presenting high Hg Clarke are calcareous micro breccia of Thanétien Hyprésien (1.5 ppm), the 
sandstones and conglomerates of Permo Trias (1.4 ppm), clays and siltites of Luthetien Priabonien (0.9 ppm); 
whereas the sandstones and clays of Oligocene present  low Hg Clarkes (0,6 ppm) [4]. 
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2.1 Element migration  
The migration coefficient of a given chemical element is defined as the ratio of its average content in water 
on Clarke of the rock in which this water is circulating.  
 
 
A= (B/C) x10-4 
 
 
Where: A= migration coefficient  
             B = the element average content in water  
             C = element Clarke in the rock  
 
The results show that the mercury of the Northern numidian mercurial zone presents an average migration 
coefficient of 0.15 (Table 1) [4], [5]. 
  
 
Table 1: Migration coefficient of the North numidian zone (Northeast of Algeria) [4]  
 
chemical 
element 
number of 
drillings 
Migration 
coefficient  (A) 
chemical 
element 
number of 
drillings 
Migration 
coefficient (A) 
S 
Cl 
Na 
K 
Ca 
Sr 
SiO2 
30 
30 
29 
28 
35 
30 
30 
563 
973 
6.51 
0.82 
5.75 
5.60 
0.11 
Mn 
Fe 
Hg 
Zn 
Pb 
Cu 
 
30 
30 
28 
30 
30 
30 
0.15 
0.007 
0.15 
2.56 
0.11 
0.31 
 
 
2.2 Classification of the elements 
 
The calculation of the migration coefficient makes it possible to classify the elements of the area of study in 
four groups according to their intensity of migration [4] . 
This reveals that the calcophile elements Zn and (As-Sb) are more mobile than Hg, Cu, Pb and (Sb-As) (Table 2).  
 
Table 2: Supergene migration of the chemical elements in the Northeast of Algeria  
Intensity of 
 migration 
                                             oxydizing environment 
1000             100                10                  1                    0.1               0.01             0.001 
              
Very high 
 
high 
 
 
 
medium 
 
 
 
Low and 
 
Very low 
Cl - S - Br  
 
Ca - Na - Mg- Sr- 
Zn - (As-Sb)- Mo - 
U 
 
 
 
 
 
 
Mn - Cu – Hg - 
Pb- Sr - K - Ni - P 
- (Sb-As) 
 
 
 
 
 
 
 
 
 
 
Fe - Al - Ti – 
 
Precious  metals 
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3. Materials and methods 
 
15 springs of both water tables were analyzed to identify the major and trace elements. Analyses were carried out at 
the laboratories of the Petrochemical Complex of Skikda and Boumerdes (Algiers) in July 2012 (Fig. 2). 
The dosing processes are deduced from the methods of standard analyses. Total and calcic hardnesses of the samples 
are determined by complexometry, by titration with the acid ethylene-diamine-tetracetic (EDTA). The chlorides are 
determined by the method of Mohr [6] and sulphates by reading the absorbance with Ȝ=420 nm for a suspension 
obtained by reaction of sulphates with barium chloride. Sodium and potassium are dosed by photometry with flame 
emission [6]. 
The determination of mercury is carried out in two stages. The first consists in oxidizing all kind of mercury in a 
bivalent state using an acid digestion to obtain elementary mercury. Mercury is extracted by bubbling dry air in the 
solution. The gas mixture is then sent to the cell of the atomic absorption spectrophotometer without flame.  
The concentration of the sample is determined by comparison between the respective absorbance of the sample and 
the standard solutions. The range calibration is between 0.1 g.L-1 and 1.5 g.L-1 Hg. The applicability range can be 
widened by carrying out suitable dilutions [6], [7]. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Fig. 2 Location map of the study area and sampling locations 
 
4. Results and discussions 
4.1 Chemical facies: 
 
 The ionic balance error calculated using the results of the chemical analyses is satisfactory (< 5%). The 
cation - anion ratio is included within the acceptable limits [0. 95 – 1. 05], which makes it possible to check the 
reliability of the analyses and to accept the results [7]. 
The representation of the analyses on the Piper diagram (Fig. 3) shows three chemical facies. 
The bicarbonated calcic one for the Paleocene Eocene water, the chlorided sodic and the sulphated calcic for 
Oligocene water [7], [8].    
The bicarbonated calcic facies, the most important, accounting for 95% of the samples is explained by the presence 
of cavernous limestone and the calcareous sandstone of the Paleocene Eocene [1],[2],[3].  
The chlorided sodic facies is found in sandy and clayey reservoirs of Oligocene, the chlorides are probably the result 
of the dissolution of sodium chlorides of the saliferous alluvium. The sulphated calcic facies is located in the 
sandstones and clays of the Oligocene and is explained by the dissolution of calcium sulphates contained in 
evaporitic inclusions and the alluvium. 
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Fig. 3 Representation of the chemical analyses on the Piper diagram 
 
4.2. Groundwater trace element 
 
To evaluate the impacts of natural and anthropogenic sources on groundwater in terms of heavy metal 
contaminations, groundwater samples were analyzed (Table 3). 
 
Table3. Azzaba Groundwater Trace Element Analysis Values in mg L-1 
 
Sa
m
pl
e 
N
° 
 
fie
ld
 
D
es
ig
na
tio
n 
A
qu
ife
r 
H
g 
Pb
 
A
s 
1 
R
as
 e
l M
a 85 
e1-3 0.007 0.007 0.003 
2 86 e1-3 0.007 0.007 0.003 
3 90 e1-3 0.007 0.007 0.003 
4 
 Is
m
ai
l 
 
350 g2 0.08 0.06 0.02 
5 210 g2 0.08 0.06 0.02 
6 398 g2 0.07 0.05 0.02 
7 325 g2 0.05 0.06 0.015 
8 260 g2 0.03 0.06 0.02 
9 265 g2 0.04 0.06 0.02 
10 285 g2 0.05 0.07 0.02 
11 354 g2 0.08 0.08 0.02 
12 
 
G
ue
ni
ch
a 
194 e1-3 0.006 0.03 0.01 
13 
 
196 e1-3 0.006 0.03 0.02 
14 
 
M
ra
 S
m
a 91 
e1-3 0.006 0.02 0.015 
15 
 
93 e1-3 0.001 0.02 0.015 
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4.2.1. Mercury 
Naturally occurring levels of mercury in groundwater and surface water are less than 0.5 ȝg L-1. The WHO 
guideline value for total mercury is 0.00 1 mg L-1. [10] 
The ground water mercury distribution map of the area shows that the high values are situated in the mining field of 
Ismail. The maximum contents (80 g L-1) are located in drillings 350, 210 and 354 of the Oligocene aquifer.  
These values are very high according to the standard tolerated for the Hg which is 1g L-1 [11]. Drilling 93 
collecting the deep Paleocene-Eocene aquifer show a minimal mercury content of 1g L-1 (Fig. 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Hg distribution contour map (g/L) 
 
The contamination of Oligocene aquifer by the Hg is much higher than that of the Paleocene-Eocene, although the 
latter contains facies of high Hg Clarke.  
Thus this contamination is not the result of leaching of the cinnabar formations, bearing in mind that Hg in the area 
presents a medium migration coefficient which is less mobile than the chalcophile elements ([2], [3]. 
The distribution of mercury in groundwater in the area has thus no relationship with   the high Hg Clarke litho-
stratigrahic facies. Indeed, the studies carried out in the area showed that the mercury plant contributes to both 
atmospheric and hydric pollutions.  
A part of the mercury contents in water results from recycling of atmospheric Hg by the rainfall, the major part 
originating from the hydric rejection of the plant [1]. 
The mercury plant has two tanks of decantation not adequate, where the contaminated cooling water of the process 
are poured. Flooding causes water to overflow the two lakes and reaches the Fendek River which feeds the 
Oligocene aquifer, whose roof is made of permeable sandy rocks [1], [3]. 
 
4.2.2. Lead 
Previous studies show maximum levels in groundwater to be 0.08 mg L-1 [1]. In the current study, lead 
concentrations increase to more than 0.08 mg L-1. The enrichment of this element with peak values as shown in the 
mining field of Ismail of the distribution map may be from geogenic origin due to the dissolution of Galena PbS. 
(Fig. 5) [11]. 
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Fig.5. Pb distribution contour map (ȝg L-1) 
 
4.2.3. Arsenic 
The WHO guideline value for Arsenic is 0.05 mg L-1. The ground water As distribution map of the area shows high 
values in the mining field of Ismail, Azzaba district. The hydro geological constraint can also be illustrated by the 
higher concentration of As (0.02 mg L-1) observed in the field of Ismail (Fig. 6).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. As distribution contour map (g L-1) 
 
4.3. Speciation 
The degree of saturation of water can be estimated by the calculation of the index of saturation, which 
reaches zero value when the solution is in balance with a solid phase. A positive index of saturation indicates a super 
saturation and a negative index indicates an under saturation with respect to minerals. 
The program MINTEQ version 4 has been used to calculate the degree of saturation or under saturation of 
groundwater with respect to some minerals as shown in Table 4 
The SI values show that the groundwater of the studied field is saturated with respect to calcite, dolomite and 
aragonite, which decreases in the direction of the regional flow towards the centre and north-northeast direction. The 
centre of the field shows under saturation with respect to anhydrite and halite (Fig. 7) 
The minerals of Hg, As and Pb are under saturated in groundwater of the region of study (Fig. 8) 
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Table 4.  Selected Minerals Saturation indexes of Azzaba Groundwater 
 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Anhydrite   -2,2 -2,1 -2,2 -1,1 -1,1 -2,0 -2,8 -2,5 -2,6 -1,1 -2,0 -2,9 -2,5 -2,5 -2,2 
Halite -6,4 -6,4 -6,4 -6,4 -6,4 -7,0 -6,3 -5,8 -6,1 -6,5 -6,8 -7,0 -6,5 -6,8 -6,6 
Aragonite 2,4 2,43 2,51 2,5 2,41 2,01 1,76 1,72 1,61 2,38 2,32 2,0 2,2 2,3 2,4 
Dolomite 4,35 4,34 4,49 4,53 2,41 4,38 3,68 3,25 3,34 4,19 4,69 4,48 4,34 4,38 4,44 
Calcite 2,54 2,57 2,66 2,65 2,65 2,16 1,9 1,87 1,75 2,52 2,47 2,2 2,4 2,48 2,57 
Cerusite -1,7 -1,6 -1,8 -1,1 -1,0 -2,1 -2,2 -2,1 -1,9 -1,8 -0,5 -1,2 -1,0 -1,2 -1,1 
Anglesite -7,8 -7,3 -8,1 -6,2 -6,0 -7,5 -8,2 -7,8 -7,6 -6,7 -6,3 -7,6 -7,3 -7,6 -7,3 
Hg(OH)2 -3,95 -3,9 -3,9 -2,8 -2,8 -4,2 -4,2 -4,1 -4,1 -4,1 -2,9 -4,02 -4,02 -4,2 -4,8 
Arsenolite -13,1 -13 -13 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11 -11,7 -11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. Saturation indexes of selected minerals species of Azzaba groundwater 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8. Saturation indexes of selected minerals species of Azzaba groundwater 
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5. Conclusion 
 
The region of Azzaba is a zone of contamination by heavy metals of North east Algeria. 
Mercury among other metals is regarded as an environmental problem of this area, following its potential impact on 
the environment and also on the health of the people. 
The calculation of the migration coefficient of the area of study reveals that the calcophile elements Zn and (As-Sb) 
are more mobile than Hg, Cu, Pb and (Sb-As). 
The underground water in the region of Azzaba presents the dominating bicarbonated calcic chemical facies in 
relation with the hosting rocks of the Paleocene Eocene. The chlorided sodic and sulphated calcic facies result from 
the composition of the hosting rocks of the Oligocene.  
The high contents of Hg in the analyzed water, up to 80 g L-1. The WHO guideline value for total mercury is 0.001 
mg L-1.  
Results of analyses show maximum levels of Pb 0.08 mg L-1. Naturally occurring levels of lead in groundwater and 
surface water are less than 50 ȝg L-1. 
The high contents of Hg in the analyzed water, up to 80 g L-1, are found in the wells capturing the Oligocene, 
whereas water of the Paleocene Eocene presents relatively low Hg contents (< 7 g L-1).  
The contamination of the phreatic water of Oligocene is thus not the result of the formations presenting a 
lithostratigraphic facies with high Hg Clarke.  
The indexes saturation values show that the groundwater of the studied field is saturated with respect to calcite, 
dolomite and aragonite and under-saturated with respect to anhydrite and halite. 
The minerals of Hg, As and lead are under saturated in groundwater of the region of study.  
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